
Building with Steel
Details
Principles
Examples

Alexander Reichel
Peter Ackermann
Alexander Hentschel
Anette Hochberg

Edition Detail

∂ Practice





∂ Practice

Alexander Reichel

Peter Ackermann

Alexander Hentschel

Anette Hochberg

Building with Steel

Details

Principles

Examples

Birkhäuser

Edition Detail



Authors:

Alexander Reichel, Dipl.-Ing. Architect, Kassel

Alexander Hentschel, Dr.-Ing., Nuremberg

Peter Ackermann, Dipl.-Ing. Architect, Munich

Anette Hochberg, Dipl.-Ing. Architect, Griesheim

Project manager:

Andrea Wiegelmann, Dipl.-Ing.

Editors:

Nicola Kollmann, Dipl.-Ing. (FH); Christina Schulz, Dipl.-Ing. Architect

Drawings:

Silvia Hollmann, Claudia Hupfloher, Nicola Kollmann, Elisabeth Krammer, Daniel Hajduk, Andrea Saiko, 

Dirk Hennig, Gerald Schnell

German–English translation:

Gerd H. Söffker, Philip Thrift, Hannover

©2007 Institut für internationale Architektur-Dokumentation GmbH & Co. KG, Munich

An Edition DETAIL book

ISBN 978-3-7643-8386-2

Printed on acid-free paper made from cellulose bleached without the use of chlorine.

This work is subject to copyright. All rights reserved, whether the whole or part of the material is concerned, 

specifically the right of translation, reprinting, re-use of illustrations, recitation, broadcasting, reproduction on 

microfilms or in other ways, and storage in databases. For any kind of use, permission of the copyright owner 

must be obtained.

Typesetting & production:

Peter Gensmantel, Andrea Linke, Roswitha Siegler, Simone Soesters

Printed by:

Aumüller Druck, Regensburg

This book is also available in a German language edition (ISBN 978-3-920034-16-4)

A CIP catalogue record for this book is available from the Library of Congress, Washington D.C., USA.

Bibliographic information published by Die Deutsche Bibliothek

Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliographie; 

detailed bibliographic data is available on the internet at http://dnb.ddb.de.

Institut für internationale

Architektur-Dokumentation GmbH & Co. KG

Sonnenstr. 17, 80331 Munich, Germany

Tel.: +49 89 381620-0

Fax: +49 89 398670

www.detail.de

Distribution Partner:

Birkhäuser – Publishers for Architecture

PO Box 133, 4010 Basel, Switzerland

Tel.: +41 61 2050707

Fax: +41 61 2050792

e-mail: sales@birkhauser.ch

www.birkhauser.ch



∂ Practice

Building with Steel

 Contents

  7 Introduction

 Example A – Single-storey shed

  8 Overview

 10 Structure / Envelope

 12 Details, scale 1:20

 Example B – Extension

 20 Overview

 22 Structure / Envelope

 24 Details, scale 1:20

 

 30 Designing the loadbearing structure

 31 The evolution of a loadbearing structure 

 32 Steel production

 33 Mechanical properties

 34 Structural systems, structural elements

 42 Grids, geometrical arrangement

 43 Transport and erection

 Assembling and connecting

 45 Introduction

 46 Means of connection

 48 Columns / Beams

 52 Column base / Column-beam connection

 54 Bracing

 56 Examples

 Semi-finished products of steel

 65 Sections, bars and wires

 68 Plates and sheets

 73 Open-grid flooring, fabrics, meshes

 76 Wire ropes / Tie bar systems

 Corrosion protection, fire protection, building performance

 79 Corrosion protection

 84 Fire protection / Thermal performance / Acoustic performance

  Case studies in steel

 87 Overview

 88 Private house in Oldenburg

 90  Pretensioned strip bridge in the Via Mala gorge

 92 Additional storey in Stuttgart

 94  Private house with medical practice in Saulgau

 96  Restaurant and casino in Dresden

 98  Conversion of mine building in Peißenberg

100 Private house in Dornbirn

102  Hinzert documentation pavilion 

 Appendix

104 Tables

109 Standards and directives / Associations

110 Manufacturers / Further reading

111 Index 

112 Picture credits





7

Introduction

Alexander Reichel

The book is divided into four main sections 

supplemented by case studies, tables 

and an index. The order of the chapters 

extends from examples of complex appli-

cations through the jointing and arrange-

ment of the loadbearing structure, the 

design of structures and, finally, individual 

products and semi-finished articles made 

from steel. To start with, two typical struc-

tural steelwork projects are presented as 

examples together with their specific 

details. Construction and architecture, 

loadbearing structure and enclosing 

envelope, are brought together in the 

drawings, corresponding to the typical 

working details of architects.

The second part of the book deals with 

the principles of structural steelwork design 

and the stability of the various construc-

tion elements. This is followed by the fun-

damentals behind the design of the con-

nections between individual construction 

elements, which are supplemented by 

case studies.

A systematic selection of the most impor-

tant steel sections and semi-finished 

products rounds off the overview of this 

subject. This section of the book is com-

plemented by brief explanations of the 

technical parameters of corrosion and fire 

protection, thermal and acoustic insula-

tion. Finally, this introduction to structural 

steelwork includes case studies of steel 

structures, which demonstrate the diverse 

range of potential applications, plus 

tables and data that furnish the reader 

with a rapid, clear understanding of this 

subject.

The selection of structures and surface 

finishes, the delicate design and the pro-

filing of the loadbearing structure, also 

the layout and precision of the connec-

tions, characterise structural steelwork 

and result in the architectural and sensual 

appeal of steel structures. The properties 

of the material initially permit all design 

freedoms, something that is proved by 

the diverse architecture of the different 

structures. Owing to the rapidity of erec-

tion, the long economic spans and the 

relative ease and flexibility with which 

steel structures can be built, steel is an 

industrial building material. However, the 

growth in the number of refurbishment 

projects and the changing demands 

regarding interior design open up further 

application options for structural steel-

work.

The combined planning discipline of 

architects and engineers will thus enable 

the qualities of this material to come to 

the fore and steer the diversity of the 

constructions and semi-finished products 

in creative directions.
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 Overview of details

 scale 1:20

12 Section through metal facade

 Corner and base of portal frame

13 Section through mezzanine floor

14 Section through glass facade

15 Horizontal section through metal 

 and glass facades

16 Composite floor, window strip

17 Rooflight

18 Overhead door

19 Folding door

Example A

Single-storey shed
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The demands placed on speed of fabri-

cation and erection, on flexible usage 

and conversion, plus economic consider-

ations, frequently result in steel being 

chosen for the loadbearing structures of 

wide-span industrial sheds.

Example A therefore shows a single-

storey shed which could be used as a 

workshop, warehouse, retail outlet or pro-

duction plant. The arrangement of the plot 

corresponds to the layout often found on 

industrial estates, with circulation around 

the building possible as well as entrance 

and exit. The building itself is designed 

as a compact enclosing envelope offering 

various types of interior qualities: at the 

front, reception and display areas plus 

staff facilities, including changing rooms, 

and above these further offices which 

permit direct communication with the 

main part of the building behind. Between 

these and the covered loading/unloading 

area at the rear of the building lie the 

large open bays devoid of disturbing 

intervening columns.

Steel permits virtually any shape and size 

of single-storey shed to be built. Such 

sheds can be classified according to 

number of bays, type of roof, the internal 

structures, overhead cranes, shelving 

systems, etc. The shed shown here is a 

single-bay standard structure without 

overhead crane but including a mezza-

nine floor for the offices.

The grid of the loadbearing construction 

in this example is 5 m, a common dimen-

sion for such buildings. Such grids have 

also proved economic, for the sizes of 

interior furnishings and fittings. A balance 

has to be found between the depths of 

floors and beams and the unsupported 

spans of the sheet metal roof covering, as 

well as erection options.

In contrast to the offices, the heating to 

the main part of the shed is minimal 

(approx. 16°C) – customary these days. 

The floor area of the open part of the shed 

is an important criterion because it is this 

area that determines the applicab ility of 

the various standards. For example, in 

the Industrial Buildings Directive and 

DIN 18230 the fire protection requirements 

for sheds up to 200 m2 are less stringent.

The examples show, primarily, the inter-

action of loadbearing structure, interior 

fittings, envelope and architectural ideas. 

The aim is to explain how a building with 

an appealing external appearance is 

developed from a steel loadbearing struc-

ture using the jointing logic and lucid 

geometry of structural steelwork.

Example A

Single-storey shed
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The design of a steel structure is essen-

tially determined by two main features: 

the loadbearing elements and the exter-

nal envelope. A steel structure is resolved 

into individual loadbearing members and 

therefore is usually designed as a frame.

The loadbearing structure of a building is 

made up of the foundations, columns, 

beams, frames, arches or cables forming 

the loadbearing framework, plus the nec-

essary bracing and stabilising elements.

A loadbearing structure must be stable in 

at least three directions. The vertical 

loads to be carried include self-weight, 

dead, wind, snow and imposed loads. 

The horizontal loads consist of wind, 

crane and impact loads. In industrial 

sheds the type of use means that the risk 

of impact (by vehicles or cranes) is con-

siderably higher than in conventional 

buildings. Protection against impact can 

take the form of using heavier members 

for the loadbearing construction itself, or 

the provision of separate barriers.

The loadbearing construction is normally 

divided into primary and secondary struc-

tures. In this example the portal frames 

and the cantilevering canopy constitute 

the primary structure, while the trapezoi-

dal sheeting forms the secondary struc-

ture. The supporting framework for the 

envelope is frequently attached to the 

loadbearing structure, and in this case as 

the trapezoidal sheeting spans unsup-

ported between the main loadbearing 

members, this is indeed the secondary 

structure.

The vertical and horizontal loads are car-

ried on the portal frames. Wind girders in 

the form of X-bracing in the roof and walls 

transfer the wind loads down to the foun-

dations. Rails at eaves level and struts 

between the portal frames complete the 

bracing effect. Owing to their simple fab-

rication and erection, portal frames are 

among the most economic types of struc-

ture for short to medium spans, and are 

very popular. However, they are not suit-

able for every building form.

A ground slab, pad foundations and a 

peripheral stem wall as protection against 

frost heave form the foundations, which 

transfer the loads from the portal frames 

into the subsoil. a Pad foundations and stem wall 

 (frost protection)

b Ground slab

c Portal frames (primary structure)

d Canopy framing (primary structure)

e Bracing consisting of eaves rails, struts and 

 wind girder

Example A

Loadbearing structure
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The enclosing envelope to the shed 

determines the external appearance. The 

front facade with the entrance is designed 

as a huge display window, with the nec-

essary functions incorporated into the 

design. Whereas the canopy at the rear of 

the building indicates clearly the loading/

unloading zone, the sloping roof is a 

simple way of creating an effective fall for 

rainwater and also permits a two-storey 

arrangement at the front (offices) end. 

Rainwater is collected in a gutter at the 

rear end of the roof and drained away via 

downpipes positioned within the envelope. 

Lighting, ventilation and smoke/heat dissi-

pation requirements are handled by 

standard rooflights built into the roof (and 

the side walls!). Their striking layout can 

be used by the building owner as a simple 

advertising motif.

The height of the portal frame primary 

structure decreases towards the rear of 

the building. The mezzanine floor is sim-

ply suspended between the front two 

portal frames so that the volume of the 

building can be reduced.

The vertical walls of the external envelope 

consist of large-format, lightweight panels, 

so-called sandwich panels. Such elements 

enable a shed to be enclosed and ther-

mally insulated quickly, economically and 

without the need for an elaborate support-

ing framework.

Uninsulated shed walls generally consist 

of trapezoidal profile sheeting, corrugated 

sheets or other profiled sheet metal for-

mats. If condensation has to be avoided 

internally, insulated steel pans, sandwich 

elements or an insulated facade con-

struction with an air cavity can be em- 

ployed. Masonry, autoclaved aerated 

concrete or timber boards can also be 

used to construct the walls, with or with-

out insulation.

The roof, the horizontal part of the enve-

lope, is designed as an insulated dia-

phragm. If designed without a slope, 

such roofs can also carry rooftop plant-

ing, which provides ecological and build-

ing performance benefits, but introduces 

additional loads which have an effect on 

the construction and hence the costs. 

Clipped sheet metal coverings or sand-

wich elements represent economic alter-

natives. Both require a minimum fall.

a Trapezoidal profile metal sheets

b Rooflights (also in the walls)

c Sandwich panel with rooflight

d Complete envelope

e Framing to mezzanine floor (secondary structure)

f Glass facade

Example A

Enclosing envelope
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 a

The columns and beams of a portal frame 

are rigidly connected at the corners. The 

column is normally called a leg, and the 

beam a cross-beam or rafter. All the inter-

nal forces are transferred across this con-

nection. In the case of Å-section members, 

the axial force is carried by the entire 

cross-section, the shear by the web and 

the bending by the flanges. In order to 

accommodate the bending moment in 

the cross-beam due to the deflection, 

haunched ends (as shown here) can be 

incorporated. The haunch increases the 

lever arm at the end plates and the geo-

metric arrangement of the sections (equal 

widths) can thus be maintained. In very 

economic connections, the end plates for 

transferring the forces frequently extend 

beyond the actual section itself. This is a 

pragmatic form of connection but is less 

convincing in terms of its architecture and 

requires very careful detailing of the sub-

sequent layers (roof construction, thermal 

insulation, waterproofing) at this point. 

Circular holes are cut (flame or laser) in 

each cross-beam to ease the routing of 

services through the building.

 b

The foundations carry the vertical and 

horizontal loads transferred from the por-

tal frames. A pocket to accommodate a 

shear connector and threaded bars are 

cast into each pad foundation. The shear 

connector, normally a steel section welded 

to the underside of the baseplate, resists 

the horizontal shear. The pre-assembled 

portal frames are erected, levelled with 

the help of shims under the baseplates 

and then bolted down. This arrangement 

compensates for the inevitable inaccura-

cies in the concrete foundations. The 

pocket and the gap beneath the base-

plate are then filled with grout. This leg 

baseplate detail typical of industrial 

sheds is an economic way of transferring 

the loads from the portal frame to the 

foundation. Although this simple connec-

tion looks like a fixed base, the thickness 

and stiffness of the baseplate plus the 

arrangement of the holding-down bolts 

determine whether the base has been 

designed as fixed or pinned. The stem 

wall to prevent frost heave is a precast 

concrete component that is placed on the 

foundation and secured with dowels. It 

serves as permanent formwork for the 

edge of the ground slab. In order to avoid 

interrupting the external finishes, there is 

a step in each concrete pad foundation 

on the outside.

Example A

Section through metal facade, frame


